S
INCE 1972, ultra-early microsurgical evacuation with careful hemostasis has been our routine method of treatment for the patient with hypertensive intracerebral hemorrhage (the lateral type or putaminal hemorrhage)Y Long-term follow-up study of 100 cases treated with this regimen has confirmed better functional recovery rates compared to cases treated conservatively or with delayed operation. During these years, the pathophysiology of the hypertensive intracerebral hemorrhage has been clarified, particularly during its early stage, with the introduction of computerized tomography (CT) and by histological investigation of surgical and autopsy specimens. 4, 6 The following evidence supports our ultra-early operation: 1) Hypertensive intracerebral hemorrhage is caused by rupture of a single branch of the lenticulostriate arteries, which is the result of extensive arteriosclerotic changes in the arterial wall. 13,14 The size of hematoma mainly depends on the diameter of the ruptured artery. 2) Bleeding continues only for a short period of time. Thus it would take 1 to 2 hours at most, and probably only 10 to 20 minutes, for the hematoma to reach its maximum size with no growth thereafter except for occasional cases of acute exacerbation. 3) In such cases of exacerbation, the enlargement of the hematoma occurs suddenly, and is caused by coughing or straining mostly within 6 hours after the primary attack. 4) In routine cases, however, cerebral edema appears around the hematoma in 7 to 8 hours, and progresses rapidly for 24 to 48 hours after the ictus. 5) The cerebral edema is particularly prominent around large hematomas, resulting in cerebral herniation with irreversible or fatal outcome within a few days. 6) Even without cerebral herniation, degenerative changes and gliosis ensue, not only in the area destroyed by hemorrhage but also over extensive edematous areas. 7) In contrast, when the hematoma is evacuated during its ultra-early stage, only minimal edema will appear around the hematoma cavity, resulting in a linear scar formation, as seen in our long-term follow-up study.
We present the results of a follow-up review of 100 patients treated by surgery within 7 hours of their hemorrhage.
Clinical Material and Methods
In the past 10 years, 1254 patients with cerebrovascular disease were nonselectively admitted to our department, mostly in the acute stage of their disease (Table 1) . They included 238 cases of putaminal hemorrhage and, among these, 139 underwent surgery. One hundred patients had ultra-early operations, and these constitute the subject of our present study. These were all cases of hypertensive or primary intracerebral hemorrhage and did not include idio- 
Age, Sex, and Laterality
Our series consisted of 63 male and 37 female patients. The age distribution shows the highest peak of incidence at the 6th decade, followed by the 7th and 5th decades in that order ( Table 2 ). The hemorrhage occurred in the right hemisphere in 47 cases and in the left in 53 cases.
Surgical Indications
Patients with obvious hemiplegia and disturbed consciousness judged by the Glasgow Coma Scale (GCS), who were stuporous (GCS scores 10 to 12) or semicomatose (GCS scores 6 to 9), were submitted to operation. Although CT fmdings alone did not dictate surgical intervention, most of these patients had a hematoma of more than 20 to 30 ml, with a midline shift of more than 5 mm. Our decision to operate was not affected by whether hemorrhage was in the dominant or non-dominant hemisphere, or by the presence or absence of aphasia. No absolute upper age limit was set for surgery.
Patients with mild symptoms were treated conservatively. Those with coma and decerebrate rigidity (GCS scores of 5 or below) were excluded from surgical intervention.
Timing of Surgical Intervention
Of the 139 patients undergoing surgery since 1972, 100 cases (72%) were operated on during the ultraearly stage (within 7 hours). In particular, 60 were operated on within 3 hours after the onset of symptoms.
Preoperative Levels of Consciousness
Neurological grading of severity was classified as in Table 3 , depending mainly on the preoperative level semicomatose with herniation signs 6, 7 5 deep coma 3-5 * Herniation signs: 1)unilateral mydriasis (over 5 mm) and absent light reflex, and 2)unilateral decorticate or decerebrate rigidity. GCS = Glasgow Coma Scale.
-~ Neurological grading according to the system of Kanaya, et al.3 of disturbed consciousness? The most common level was stupor (GCS score 10 to 12) in 68 cases, the next was semicoma (GCS score 6 to 9) in 22 cases, and the third was lethargy (GCS score 13) in 10 cases. This last group was operated on only in the early part of our series.
Preoperative Diagnostic Procedure
Before introduction of the CT scanner in 1977, cerebral angiography was performed in all cases immediately upon admission, followed by emergency operation when indicated. Since 1977, CT scanning has become our first choice of immediate action, followed by operation. Angiography is performed only when such specific conditions as aneurysm and arteriovenous malformation are suspected. Other laboratory investigations are kept to the minimum essentials. In addition to physical and neurological findings, CT evidence of the size, location, and direction of extension of the hematoma, with or without ventricular rupture, have contributed greatly to improve our surgical techniques and results, together with postoperative evaluation of the completeness of surgery and subsequent changes.
Operative Technique
We have employed both transsylvian and transtemporal approaches, the latter being particularly advantageous for relatively large hematomas. The transtemporal approach involves a 10-to 15-mm cortical incision made in the anterior portion of the upper Table 3 . For defmition of functional recovery rates see text.
t Mortality rate was 7%.
M. Kaneko, et al. Table 3 . For definition of functional recovery rates see text.
temporal gyrus, inferior and parallel to the Sylv-ian fissure. Subpial dissection is carried out to reach the insular surface, where another similar incision is made to encounter the hematoma.
The most critical point in our ultra-early operation is to identify the ruptured stump of the lenticulostriate branch and to securely coagulate it without damaging the main trunk. This cannot be accomplished without microsurgical techniques, since its diameter is only 100 to 200/~. Particularly in large hematomas, the primary rupture of the lenticulostriate branch may be accompanied by secondary ruptures of arterioles and venules, which must be coagulated carefully. The most common cause of a poor outcome in cases of large hematomas is incomplete hemostasis resulting in reaccumulation of the hematoma. If there is complete hemostasis, postoperative drainage is not necessary. It is to be noted that a test of hemostasis with oxidized cellulose may frequently fail. The hematoma should be removed so completely that postoperative CT scans demonstrate no residual clot. Caution is also required not to injure the surrounding normal brain tissue with retractors. One of the great advantages of the ultra-early operation is the fact that the postoperative cerebral edema is quite limited, which enables us to operate through a small craniotomy and to replace the bone flap at the same procedure. This operation usually requires 1 89 to 2 hours for the entire procedure.
Operative Results
The degree of functional recovery was based on the criteria of functional performance rates proposed by the Japan Society for Research on Surgical Treatment of Stroke, as follows:
Class 1: full recovery to social life, Class 2: independent home life with self-care (or partial recovery to social life), Class 3: dependent home life requiting some help for daily life, usually ambulatory with a cane, Class 4: bedridden but conscious, Class 5: vegetative state.
Operative Results at 6 Months.
For the 100 cases with ultra-early operation, the long-term functional recovery at 6 months after the ictus is shown in Table  4 . There were 15 patients in Class 1 and 35 in Class 2, which constitutes 50% of the total. When Class 3 is also included, the ambulatory cases constitute 83% of the series. It is noteworthy that there were only nine fatal and vegetative cases. The causes of death included postoperative reaccumulation of hematoma in two cases, myocardial infarct during rehabilitation in two, rupture of esophageal varices in one, and rapid exacerbation immediately before operation in two.
Complications were quite infrequent in this group as compared with the conservatively treated group (Table 5 ) and the group with delayed surgery (Table  6 ). We believe that this is because early recovery of consciousness leading to early oral feeding and early mobilization has been the rule after ultra-early operation. Respiratory and urinary infections have been infrequent, and there have been no decubitus ulcers. Gastrointestinal hemorrhage was quite rare, with only one case of mild bleeding.
Long-Term Results up to 10 Years. The 93 patients surviving beyond 6 months were subjected to longterm follow-up study ranging up to 10 years: 30 cases for over 5 years, 37 for 3 to 5 years, and 23 for less than 3 years. Among 35 patients with Class 2 recovery at 6 months postoperatively, five improved to Class 1 while six either died or became bedridden. Among 33 patients with Class 3 outcome, seven improved to Class 1 or 2, while 12 either died or became bedridden. The ultimate long-term outcome consists of 21 cases in Class 1, 21 in Class 2, 16 in Class 3, 11 in Classes 4 and 5, and 24 deaths. Useful recovery (Class 3 or above) was obtained in 5 8 cases.
The most important cause of subsequent deterioration was recurrent intracerebral hemorrhage in 12 out of the 93 cases (13%) including 10 with fatal outcome. It became clear that continuous control of hypertension was inadequate in eight of these 12 patients. The causes of the 24 deaths (25%) were: Table 3 . For definition of functional recovery rates see text.
j" Mortality rate was 18%.
recurrent intracerebral hemorrhage in 10, pneumonia in five, carcinomas in two, cerebral infarct in one, general emaciation in three, and other causes in three cases.
The ultimate useful recovery rate in follow-up periods up to 10 years was 58 among 100 cases operated on in the ultra-early stage. This can be interpreted as highly effective, considering the increase in the patients' ages during this follow-up period. Maintained control of hypertension will certainly decrease the incidence of recurrent intracerebral hemorrhage with further improvement in the useful long-term recovery rate.
Discussion
In the past 10 years, several excellent reports have proven the striking advances in the care of hypertensive intracerebral hemorrhage, with both conservative 9,xz and surgical treatment. 2,1~
The survival and functional recovery rates of our 100 cases subjected to ultra-early operation were compared with those of the previous reports on conservative treatment and on delayed operation. In 1976, Kutsuzawa, et aL, 9 reported that among their 85 conservatively treated cases of putaminal hemorrhage, the mortality rate was 43% at 6 months, and functional recovery above the level of self-care at 1 year was present in only 54% of the survivors. In 1978, Kanaya, et aL, 3 reviewed the results of surgical management of putaminal hemorrhage in 410 cases from six institutions in Japan. Most of these cases were treated by delayed operation. The 410 cases included 234 in preoperative neurological Grades 3, 4a, and 4b (Table 3) . Among these the mortality rate was 28.6% and the useful recovery rate (Classes 1 to 3) was 62.8% (147 cases). These figures were superior to the previously reported surgical resuits. In our cases of ultra-early operation, however, the results are even better: the mortality rate was 7%, and the useful recovery rate was 83% at 6 months.
The most important factor influencing our favorable results relates to the preoperative level of consciousness. Of the cases reviewed by Kanaya, et al., 3 37.2% were in semicoma, and 31% in stupor before surgery, while in our series 22% were in semicoma and 68% in stupor preoperatively. This indicates that severely disturbed consciousness and cerebral herniations are relatively rare during the initial 7 hours, resulting in better functional recoveries. More detailed discussion will follow under several headings.
Influence of CT Scanning
In total, 127 consecutive cases of putaminal hemorrhage were admitted, nonselectively, since the introduction of CT scanning in 1977. Of these, almost all the 55 cases with stupor or semicoma were operated on, and 37 were submitted to ultra-early operation. The nonsurgical cases included 45 cases of mildly disturbed consciousness with GCS scores of 13 or above. In 10 cases of moderately disturbed consciousness (GCS scores of 6 to 12) surgery was deferred because of the patients' advanced age or complications in other organs. Surgery was also deferred in 17 cases admitted in deep coma (GCS scores of 3 to 5). All 27 cases resulted in early death. 8 In 45 mild cases, 43 recovered to useful life (Class 1 to 3), one died of myocardial infarct and the other became bedridden. Among the 10 conservatively treated patients in moderate neurological condition, four died. The overall mortality rate for the total 127 cases of putaminal hemorrhage was 20% (25 cases) and the useful functional recovery rate was 73% (93 cases) at 6 months.
Outcome after Ultra-Early Surgery, Conservative Treatment, and Delayed Operation
Although the cases are limited and there is no true control group, it is still interesting to compare each group in each preoperative neurological grade. Table  5 indicates the results of conservative treatment on 87 cases. It is obvious that the effect of conservative treatment is mostly satisfactory for cases in Grades 1 and 2 (alert or lethargic), but is much poorer for Grade 3 (stupor) and almost hopeless for Grades 4a, 4b, and 5.
Functional recovery rates after delayed operation (usually later than 24 hours after ictus) are, in general, one rank poorer in each grade compared to the group with the ultra-early operation; they are particularly worse in Grade 4a (Table 6) . Functional recovery for patients in Grade 4b could not be expected even with the ultra-early operation.
Functional Recovery Related to Age and Laterality
In 1980, Hosaka, et al., 1 made a detailed analysis of the age factor in relation to the functional recovery rate following our ultra-early operation. It showed that among 56 patients aged 59 years or younger, 27 recovered to Class 1 or 2; however, among 28 patients aged 60 years or older, more than half had a Class 3 outcome, and five were in Class 4. These results indicate a poorer prognosis with increasing age.
As for laterality, hemorrhage in the nondominant hemisphere seemed to be followed by slightly better recovery rates; however, this was not statistically significant. On the other hand, patients with hemorrhage in the nondominant hemisphere tended to show lack of motivation for rehabilitation, or hemisomatoagnosia.
Further Problems with Surgical Indications
Our present absolute surgical indication is the preoperative level of consciousness including stupor and semicoma. However, patients with lethargy (GCS scores of 13) and a hematoma of 20 to 30 ml still pose a problem in determining the preferred method of treatment. In our still limited experience of such cases, the results after ultra-early operation seemed favorable, as demonstrated by postoperative evaluation with various neuropsychological tests including the Wechsler Adult Intelligence Scale, Benton's visual recall test, and prefrontal function tests for concentration and imagination. Further study is required in these areas.
Summary
1. In the past 10 years, 100 cases of putaminal hemorrhage were operated on within 7 hours after the apoplectic attack.
2. During this ultra-early stage, cerebral edema had not yet developed which enabled us to operate through a small craniotomy with easy hemostasis.
3. Our most useful indication for surgery was the level of consciousness including stupor and semicoma. The patient being younger than 70 years has been considered advantageous, although not an absolute measure.
4. The mortality rate was 7%, and the useful functional recovery rate was 83% at 6 months postoperatively.
5. The useful functional recovery rate was 58% at long-term follow-up periods ranging up to 10 years.
